Organophosphorus insecticides (OPPs) have been extensively used for agricultural proposes for more than 40 years. The monitoring of pesticide residues is presently a priority objective in pesticide research in order to obtain an extensive evaluation of food quality. Diazinon (Fig. 1) is an OPP used as a pesticide for tomatos, potatos, grapes and rice.
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Chilo suppressalis (WLK) (Lep., Pyralidae) is an important damaging agent for rice, and diazinon is a power pesticide for restricting its activity. 2 Several methods have been developed for the extraction and analysis of OPPs. Among them are ultrasonic extraction (USE), 3 solid phase extraction (SPE), 4, 5 supercritical fluid extraction (SFE), 6, 7 Soxhlet extraction, 8, 9 saponification 10 and solid phase microextraction (SPME). 11 Although soxhlet extraction is efficient and common, it usually requires extraction times exceeding of 4 h, it partially degrades labile compounds and requires the use of large volumes of frequently toxic solvents. SFE using carbon dioxide has gained increasing attention for the extraction of OPPs, because of its ability to shorten the extraction times and to reduce the amount of organic solvent required. However, this method often requires the optimization of a wide variety of extraction parameters, such as the extraction time, pressure, temperature and choice of solvents/cosolvents. The strong matrix dependence of the extraction process is another limitation of SFE for real samples. 8 Although saponification is a well-known and useful method for the extraction of environmental samples, it was found that, when performing conventional saponification, the trace metals in the samples could act as a catalyst due to the high temperatures and long saponification times, and thus causing decomposition of the compounds. 11 Recently, the use of microwave energy (microwave-assisted extraction, MAE) for the extraction of organic compounds from solid matrices, such as soil, seeds, foods and feeds, were reported. [12] [13] [14] [15] [16] [17] In MAE, reducing the solvent volume used in extraction systems would also reduce the cost and time of the analysis. The extraction of several OPPs (atrazine, parathionmethyl, chlorpyrifos, fenamiphos and methidathion) by this method has been reported. 18, 19 For detecting diazinon, gas chromatography with different detectors [20] [21] [22] [23] [24] [25] and high performance liquid chromatography (HPLC) [26] [27] [28] [29] [30] [31] have been used. Furthermore, primary studies concerning the biodegradation of OPPs in the synthetic media of soil and water were studied. 20, 25 In the past, we have reported Diazinon is an organophosphorus insecticide (OPP) that is used as a pesticide for Chilo suppressalis (WLK) (Lep., Pyralidae) in rice fields. The extraction of diazinon from soil and the stems of rice plants has been carried out by microwave-assisted extraction (MAE) and the results compared with ultrasonic extraction (USE). The best parameters for MAE are hexane-acetone (8:2 v/v) as a solvent, a 2.5 min extraction time, and 20 ml of the solvent volume. Also, surface-water samples of the rice fields were extracted by solid phase extraction (SPE) using a C18 disc. The optimum conditions of SPE were a sample volume of 750 ml, a pH of 7 and high ionic strength of water. The extracted samples were analyzed by gas chromatography-mass spectrometry (GC-MS). The relative standard deviation (RSD) and regression coefficients related to the linearity were <3.5% (n = 5) and 0.99, respectively. The limit of detection (LOD) is 0.1 ng ml -1 with selected ion monitoring (SIM) at 137 m/z. The average recoveries of diazinon in soil and stem samples by MAE and surface-water by SPE were 98% (±3), 94% (±5) and 87% (±3), respectively. In June, the concentration of diazinon in soil and stem samples of the rice plants in Guilan province is high (55 ng ml -1 ) and in September is low (2 ng ml -1 ). In surface-water samples, the results are converse. In November, diazinon can not be detected in soil, stem or surface-water samples. Diazinon is degraded to diethylthiophosphoric acid. Also, three microorganism genera (Pseudomonas sp, Flavobacterium sp and Agrobacterium sp) have been found to degrade diazinon in soil and surface water. on the determination of the pesticide naptalam and its metabolites in surface-water. 32, 33 In this study, closed-vessel MAE was compared with USE for the extraction of the pesticide diazinon from the soil and stems of the rice plant. These results were also compared with the extraction of diazinon in surface-water samples by SPE disc. In addition, the degradation of diazinon by microorganisms was also studied.
Experimental

Reagents
Diazinon standard (purity >98.0%) was purchased from Riedel de Haen (Seelz, Germany). Petroleum spirit, methanol, hexane, cyclohexane, m-xylol and acetone were obtained from Merck (Darmstadt, Germany).
Four individual standard solutions, for investigating the ionic strength of the solution, were prepared by dissolving suitable amounts of sodium chloride (0 -30% w/w) in calibrated 100 ml vessels. In order to investigate the effect of the pH from 2 to 11, a universal buffer, containing boric acid, citric acid and trisodium orthophosphate was prepared according to Perrin and Dempsey. 34 
Preparation of spiked samples
Uncontaminated soil and stem (blank samples) were previously analyzed and spiked according to the following method. The samples were air-dried at room temperature for 1 week and shifted to a particle size below 2 mm. A 100 g amount of soil/stem was spiked with 50 ml of acetone containing 1 g of standard diazinon. After spiking, the samples were allowed to air-dry (ca. 10 h) with shaking every 1 h. The samples were stored in amber glass-stoppered bottles at 4˚C.
Sampling
Samples were grouped into 3 classes consisting of stems, soil and surface water. Three aliquot samples of each were collected from 20 location of Guilan province of Iran from June to November 2000. The amounts of stems, soil and surface water were 10, 5 g and 1000 ml, respectively.
Ultrasonification extraction
A 1-g volume of spiked sample soil or stem was weighed into 20 ml glass vials and fitted with Teflon-lined silicon rubber caps; 10 ml of a solvent (cyclohexane, hexane, petroleum spirit, m-xylol, acetone or methanol) was added into each and placed in an ultrasonic bath for 15 min. The samples were filtered and used for GC analyses.
Microwave-assisted extraction
A 3.7 g portion of each matrix was accurately weighed and put into a Teflon-lined extraction vessel. For optimization of the MAE procedure, the solvent ratio of hexane/acetone, the solvent volume and microwave extraction were studied. Extractions were performed at 1, 2, 2.5 and 3 min, respectively. Various solvent ratios of 90:10 to 50:50 of hexane-acetone and the total volume (10 to 25 ml) were investigated. After extraction, the vessel was allowed to cool to room temperature before it was opened. The sample was filtered and used for GC analysis. All MAEs were performed with a 700 W National (Japan) microwave sample-preparation system.
SPE conditions
Sample volumes of 500, 750, 1000, 1250 and 1500 ml of water spiked with diazinon with a constant total pesticide amount (1 µg each), adjusted to pH 5.2 (pH of surface water) were used to calculate the disc recovery and breakthrough volume.
The preconcentration of surface water was accomplished by passing the surface water (750 ml) through a C18 membrane disc with a diameter of 47 mm (Varian Co., No. 1214-5005), followed by passing a flow of dry nitrogen for 2 min. The disc was washed with 5 × 2 ml of methanol and the eluate was collected in a 10 ml graduated flask, and finally evaporated to 1 ml volume. After extraction, the disc was washed again with 10 ml of water and 10 ml of methanol, respectively, and in order to remove any residual inorganic and organic compounds, it dried by passing nitrogen through it.
Apparatus
A Perkin Elmer gas chromatography Model Sigma 1 was used for determining the recoveries of spiked samples. An SE-30 (3 m × 3 mm) column and a flame-ionization detector were used. The injector and the detector were operated at 260 and 270˚C, respectively. The oven temperature was 150˚C which was held for 2 min and then increased to 250˚C at a rate of 10˚C min -1 , and held for 2 min. The injected sample was 3 µl. The flow rate of the nitrogen carrier gas was adjusted at 30 ml min -1 .
A Shimadzu 14A GC system equipped with a Shimadzu QP-1100 EX mass spectrometer was used for real samples. The ion source was operated at 70 eV and the temperature of the interface and ion source was 250˚C and the mass range was 50 to 400 amu. The temperature program of the GC column was as follow: initial temperature 100˚C held for 2 min, ramp rate of 10˚C min -1 , and final temperature 280˚C held for 2 min. The flow rate of helium carrier gas was 1 ml min -1 . The injection mode was splitless, held for 1 min and the injection was 2 µl. A Shimadzu column (BP5) was used. The column was 15 m × 0.32 mm and coated film thickness was 0.33 µm.
Microorganism degradation
Two minimal salt media (each of which contained 2 g of KNO3, 0.2 g of MgSO4, 0.1 g of CaCl2, 0.1 g of NaCl, 0.01 g of FeCl3, 1 ml of trace elements, 100 mg of MnCl2 4H2O, 20 mg of CoCl2, 10 mg of CuSO4, 10 mg of Na2MoO4, 2H2O, 20 mg of ZnCl2, 5 mg of LiCl, 5 mg of SnCl2, 2H2O, 10 mg of H3BO3, 20 mg of KBr, 5 mg of BaCl2 and 8 mg of EDTA-Na-Fe 3+ , 1.5 g of mud and 1 ml of surface water of rice field) were prepared and 75 mg of standard diazinon added to one of these salt media; another was used as a control dish. Their pH was adjusted to 7.4 and placed in a shaker incubator at 150 rpm and 30˚C for 10 d. Diazinon was extracted by 2 × 5 ml of cyclohexane for GC-MS analyses.
Microorganisms were isolated from the soil and identified based on Ref. 35 .
Results and Discussion
Diazinon (Fig. 1) is usually used as a pesticide for Chilo suppressalis (WLK) (Lep., Pyralidae) during June in the rice fields of Guilan province. The structure of diazinon shows that it is a hydrophobic compound and, as such, is used as a contact poison. Diazinon does not migrate within the stem of rice, but is present on the surface of the stem. It is also present in the soil and surface-water of rice fields.
Extraction of soil and stem samples
An experiment was carried out to find the best extraction solvent for the extraction of diazinon from soil ( Table 1) .
The results show that hexane was the most efficient extraction 780 ANALYTICAL SCIENCES JULY 2002, VOL. 18 solvent for USE. Because pure hydrocarbon solvents (e.g. hexane) do not absorb microwave energy, some percentage (>10%) of a polar component (e.g. acetone) must be added. Table 1 shows that hexane and acetone are good recovery solvents for diazinon. Therefore, a mixture of hexane/acetone was chosen. Also, the total solvent volume interacts with the solvent ratio of hexane/acetone for MAE. Thus, the effects of the solvent ratio (hexane/acetone) and the total solvent volume on MAE were investigated. Figure 2 indicates that a ratio of 8:2 (v/v) and 20 ml volume were the optimum recovery conditions. Also, the effect of the microwave irradiation time on the extraction efficiency was studied. Table 2 shows different recoveries of diazinon for various radiation times.
The results of Table 2 show that 2.5 min of radiation in the MAE method was the best recovery time for the extraction of diazinon from soil.
The recovery of diazinon from soil by MAE (98%), under the optimized extraction conditions, was better than USE (91%) when hexane was used as the extraction solvent. In addition, the other advantage of diazinon extraction using MAE was a reduction of the extraction time and the solvent volume compared with the USE method. Also, MAE is not influenced by the soil and stem moisture of the sample when a suitable solvent, such as acetone, is used. The average recoveries of diazinon in soil and stem by MAE were 98% (±3) and 94% (±5), respectively.
GC and GC-MS were used for analyses of spiked and real samples, respectively. In order to increase the sensitivity of the GC-MS method in the analysis of real samples, a selected ion monitoring (SIM) program at 137 m/z, base peak of diazinon, was used, which provided a sensitivity about 100-times higher than in the full mode. However, this naturally reduced the identification power.
Extraction of the surface water
Diazinon was extracted from samples of the surface water of rice fields using C18 a solid-phase extraction disc. Membrane extraction discs have been used as an alternative to the SPE cartridge. Higher flow rates can be applied with SPE discs and the extraction time is much shorter than that when using of cartridges. They do not become plugged and channeling does not occur; also, they have exhibited lower blanks than C18 cartridges. [36] [37] [38] Figure 3 shows the total ion current (TIC) of diazinon in surface-water after the preconcentration step and its mass spectrum.
A suitable aqueous volume for the extraction of diazinon from a water sample should be optimized (breakthrough volume). Figure 4 shows the effect of the sample volume on the recovery of diazinon. The maximum suitable volume of water for the recovery of diazinon was 750 ml. Larger volumes at low concentrations causes a loss of diazinon.
The recovery of diazinon from surface water by a C18 disc was pH-dependent. The effect of the pH on the recoveries of diazinon from surface-water is shown in Table 3 . Solutions containing 100 ppm of diazinon at pH 7 -11 showed no degradation after 10 days. 17 The results given in Table 3 indicate that a pH value of 7 gave the best overall recoveries. Neither a pH value of 3 nor a pH value of 11 improved the results. Because varying the pH from 3 to 11 did not significantly affect the extraction of diazinon by the SPE disc, no further comparisons with pH adjustments were performed.
The addition of salts, such as NaCl, to a sample decreased the solubility of the diazinon in the aqueous phase, which favored the movement of diazinon into the SPE disc (Fig. 5) .
Real samples
Sixty samples were collected at 20 sites of Guilan province. Samples were collected from June to November, 2000. Table 4 given the concentration levels of diazinon in soil, stem and surface water during this period.
The concentration levels of diazinon in soil and stems in July is very high. In September, the concentration levels of diazinon in the soil and stems are low.
A calibration curve was prepared for the quantitative determination of diazinon by plotting the SIM peak areas of the 781 ANALYTICAL SCIENCES JULY 2002, VOL. 18 a. Mean of duplicated extractions. Fig. 2 Effects of the solvent ratio (hexane/acetone) and the total volume on MAE (relative abundance of the diazinon peak area). MS detector versus the concentrations of spiked diazinon in methanol. The correlation range was at least 0.99 and the LOD (3 S/N) was 0.1 ng ml -1 with RSD < 3.5% (n = 5).
Micro-organism degradation
In November, we did not see any peak of diazinon in the SIM of preconcentrated surface water (Table 4) . Some of report show that diazinon degrades to diethylthiophosphoric acid in surface-water. 2, 3 Also, the degradation of diazinon by microorganisms was studied. In this work, the activity of microorganisms in the soil, for the degradation of diazinon, was also studied. 24 Three microorganism genera (Pseudomonas sp, Flavobacterium sp and Agrobacterium sp) were separated from the soil and surface water of rice fields. They were added to the two synthetic media mentioned in the experimental section. Because they grew only on a media that has diazinon, it can be assumed that they used diazinon as a carbon source for growth. Figure 6 shows that the decomposition rate by Pseudomonas sp in a synthetic medium is the same as that in the soil of rice fields. In control experiments, several other microorganisms tested on a medium containing diazinon failed to grow. Fig. 4 Effect of the sample volume on the recovery of diazinon from surface-water. 
